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(57) ABSTRACT

A method of manufacturing an exposure mask includes gen-
erating or preparing flatness variation data relating to a mask
blanks substrate to be processed into an exposure mask, the
flatness variation data being data relating to change of flatness
of the mask blank substrate caused when the mask blank
substrate 1s chucked by a chuck unit of an exposure apparatus,
generating position correction data of a pattern to be drawn on
the mask blanks substrate based on the flatness variation data
such that a mask pattern of the exposure mask comes to a
predetermined position 1n a state that the exposure mask 1s
chucked by the chuck unit, and drawing a pattern on the mask
blanks substrate, the drawing the pattern imncluding drawing
the pattern with correcting a drawing position of the pattern
and 1nputting drawing data corresponding to the pattern and
the position correction data into a drawing apparatus.

13 Claims, 13 Drawing Sheets
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EXPOSURE MASK MANUFACTURING
METHOD, DRAWING APPARATUS,
SEMICONDUCTOR DEVICE

MANUFACTURING METHOD, AND MASK
BLANKS PRODUCT 5

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a division of U.S. application Ser. No. 10
11/185,945, filed Jul. 21, 2005 now U.S. Pat. No. 7,703,066,
which 1s based upon and claims the benefit of priornty from
prior Japanese Patent Application No. 2004-219178, filed Jul.

2’7, 2004. The entire contents of these applications are incor-
porated herein by reference 1n their entirety. 15

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to an exposure mask manu- 20
facturing method, an drawing apparatus, a semiconductor
device manufacturing method, and a mask blanks product 1in
a semiconductor field.

2. Description of the Related Art

As semiconductor devices become smaller, there 1s an 25
increasing demand for minmaturization in a photolithography
process. Already, the device design rule 1s as small as 65 nm.
Accordingly, the pattern dimension precision 1s required to be
controlled very strictly at 5 nm or less.

In a semiconductor manufacturing process, a multilayer 30
pattern 1s formed by using plural photo masks. At this time, an
alignment precision between upper and lower patterns 1s also
very strict, same as 1n pattern dimension precision, in the
trend of the finer design rule.

In this background, hindering factors of high precisionina 35
pattern forming process include deformation such as distor-
tion of photo masks occurring when the photo masks for use
in the photolithography process 1s chucked 1n the exposure
apparatus.

Recently, to achieve a desired flatness, a photo mask has 40
been developed, which guarantees a desired flatness 1n a state
that the photo mask 1s chucked 1n the exposure apparatus by
predicting 1n advance flatness of the mask after chucking of
the photo mask (Jpn. Pat. Appln. KOKAI Publication No.
2003-050458). The mask flatness 1s extremely excellent in a 45
state that the photo mask 1s chucked 1n the exposure appara-
tus.

However, there are many cases 1 which precision of a
mask pattern position becomes problematic. The reasons are
considered as follows. 50

A photo mask manufacturing process includes a process of
drawing a mask pattern on a mask blanks substrate by using a
mask drawing apparatus. The mask drawing apparatus holds
the mask blanks substrate so as not to distort the mask blanks
substrate as much as possible. For example, the mask blanks 55
substrate 1s held at three points. Thus, the mask pattern 1s
drawn 1n a state that native flatness of the mask blanks sub-
strate 1s maintained.

A wafler pattern manufacturing process icludes a process
of transferring a mask pattern on a water by using a wafer 60
exposure apparatus. The waler exposure apparatus chucks a
photo mask by using a chucking mechanism such as a vacuum
chucking mechanism. By using such a chucking mechanism,
however, the photo mask 1s deformed.

Theretfore, as shown 1n FIG. 18, a position of a pattern 92 1s 65
deviated by 8 between the case where a photo mask 91 1s not
deformed (before chucking) and the case where the photo

2

mask 1s deformed (after chucking). When deformed like warp
as shown in FIG. 18 (warp 1s schematically indicated by

inclined straight line) 1s arised, the position of the pattern 92
1s deviated to right side. Meanwhile, when the photo mask 1n
the Jpn. Pat. Appln. KOKAI Publication 1s used, the flatness
of the photo mask after chucking 1s improved.

Whether the photo mask 1n the Jpn. Pat. Appln. KOKAI
Publication 1s used or not, chucking the photo mask causes
the deformation in the photo mask, and thus, the mask pattern
cannot be correctly transterred onto the water precisely as the
pattern position before chucking.

So far, position deviation of a mask pattern due to defor-
mation of a photo mask was not a serious problem. However,
since the pattern dimension precision 1s required to be very
strict, 5 nm or less, at the present, such a problem cannot be
1gnored.

BRIEF SUMMARY OF THE INVENTION

According to an aspect of the present invention, there 1s
provided a method of manufacturing an exposure mask com-
prising: generating or preparing flatness variation data relat-
ing to a mask blanks substrate to be processed into an expo-
sure mask, the flatness variation data being data relating to
change of flatness of the mask blank substrate caused when
the mask blank substrate 1s chucked by a chuck unit of an
exposure apparatus; generating position correction data of a
pattern to be drawn on the mask blanks substrate based on the
flatness variation data such that a mask pattern of the expo-
sure mask comes to a predetermined position in a state that the
exposure mask 1s chucked by the chuck unit; and drawing a
pattern on the mask blanks substrate, the drawing the pattern
including drawing the pattern with correcting a drawing posi-
tion of the pattern and inputting drawing data corresponding
to the pattern and the position correction data mto a drawing
apparatus.

According to an aspect of the present invention, there 1s
provided a drawing apparatus comprising: a position correc-
tion data generating umt configured to generate position cor-
rection data of a pattern to be drawn on a mask blanks sub-
strate to be processed into an exposure mask, the position
correction data being data for bringing a pattern of the expo-
sure mask 1n a state chucked by a chuck unit of an exposure
apparatus 1nto a predetermined position; and a drawing unit
configured to draw the pattern on the mask blanks substrate
with correcting a drawing position of the pattern based on the
drawing data corresponding to the pattern and the position
correction data.

According to an aspect of the present invention, there 1s
provided a method of manufacturing a semiconductor device
comprising: applying a resist on a substrate including a semi-
conductor substrate; disposing an exposure mask manufac-
tured by the exposure mask manufacturing method according
to any one of claims 1, 2 and 3 above the substrate 1n an
exposure apparatus, irradiating charged beam or light onto
the resist by way of the exposure mask 1n a state that the
exposure mask 1s chucked by a chuck unit of the exposure
apparatus, and forming a first resist pattern by developing the
resist after the irradiating the charged beam or the light onto
the resist; and forming a first pattern by etching the substrate
using the first resist pattern as a mask.

According to an aspect of the present invention, there 1s
provided a mask blanks product comprising: a mask blanks
substrate to be processed nto an exposure mask including a
mask pattern; and a recording medium 1n which position
correction data of a pattern to be drawn on the mask blanks
substrate 1s recorded, the position correction data being data
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for bringing the mask pattern of the exposure mask 1n a state
chucked by a chuck unit of an exposure apparatus into a
predetermined position.

According to an aspect of the present invention, there 1s
provided a mask blanks product comprising: a mask blanks
substrate to be processed 1nto an exposure mask including a
mask pattern; and a recording medium in which predicted
flatness variation data 1s recorded, the predicted flatness
variation data being data for predicting flatness variation of
the exposure mask caused when the exposure mask 1s
chucked by a chuck unit of an exposure apparatus.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a flowchart from a photo mask manufacturing
process to a semiconductor device manufacturing process
according to the first embodiment of the invention;

FIG. 2 1s a flowchart from a photo mask manufacturing,
process to a semiconductor device manufacturing process
according to the second embodiment of the mvention;

FIG. 3 1s a flowchart from a photo mask manufacturing
process to a semiconductor device manufacturing process
according to the third embodiment of the invention;

FIG. 4 1s a flowchart from a photo mask manufacturing
process to a semiconductor device manufacturing process
according to the fourth embodiment of the invention;

FI1G. 5 1s a diagram schematically showing a drawing appa-
ratus according to the fourth embodiment;

FIG. 6 1s a flowchart from a photo mask manufacturing
process to a semiconductor device manufacturing process
according to the fifth embodiment of the invention;

FI1G. 7 1s a diagram schematically showing a drawing appa-
ratus according to the fifth embodiment;

FIG. 8 1s a flowchart from a photo mask manufacturing
process to a semiconductor device manufacturing process
according to the sixth embodiment of the mvention;

FI1G. 9 1s a diagram schematically showing a drawing appa-
ratus according to the sixth embodiment;

FIG. 10 1s a diagram schematically showing a mask blanks
product according to the seventh embodiment of the inven-
tion;

FI1G. 11 15 a diagram schematically showing a mask blanks
product according to the eighth embodiment of the invention;

FI1G. 12 15 a diagram schematically showing a mask blanks
product according to the ninth embodiment of the invention;

FI1G. 13 15 a diagram schematically showing a mask blanks
product according to the tenth embodiment of the invention;

FI1G. 14 15 a diagram schematically showing a mask blanks
product according to the eleventh embodiment of the mven-
tion;

FIG. 15 1s a diagram schematically showing a mask blanks
product according to the twelfth embodiment of the inven-
tion;

FIG. 16 1s a diagram schematically showing a mask blanks
product according to the thirteenth embodiment of the inven-
tion;

FI1G. 17 1s a diagram schematically showing a mask blanks
product according to the fourteenth embodiment of the inven-
tion;

FI1G. 18 15 a diagram for explaining problems of a prior art;
and

FIGS. 19A to 19C are diagrams for explaining a vacuum

chucking mechanism.

DETAILED DESCRIPTION OF THE INVENTION

Now, embodiments of the invention will be described
below with reference to the accompanying drawings.
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(First Embodiment)

FIG. 1 1s a flowchart from a photo mask manufacturing
process to a semiconductor device manufacturing process
according to the first embodiment of the invention.

The present embodiment 1s different from a prior art 1n that,
when forming a pattern on a mask blanks substrate 3 by using
a drawing apparatus 7, data not used hitherto, that 1s, pattern
position correction data 4 1s used 1n addition to drawing data
6 hitherto used as data to be input to the drawing apparatus 7.
The present embodiment will be described below.

First, a mask blanks product 1s purchased from a mask
blanks manufacturer. The product comprises a mask blanks
substrate 5 processed mto a photo mask (exposure mask);
flatness measurement data (native flatness data) 1 of the mask
blanks substrate 5 1n a state not chucked by a chuck unit (for
example, a vacuum chuck) 1n a water exposure apparatus 10;
and flatness prediction data (predicted flatness data) 2 of the
mask blanks substrate 5 1n a state chucked by the chuck unat.

The mask blanks substrate 5 comprises a quartz substrate
(transparent substrate) of 6 inches square (152 mm square)
and about 6 mm 1n thickness, an ArF halftone film provided
on the quartz substrate, a Cr film provided on the ArF halftone
f1lm, and a chemically amplified resist FEP-171 of 300 nm 1n
thickness provided on the Cr film.

The native flatness data 1s acquired by measuring flatness
of the mask blanks substrate 5 by use of, for example,
UltraFlat of Tropel. Herein, the native tlatness data 1s mask
flatness data of 1 mm grid 1n a region of 150 mm square.

Next, the native flatness data 1 and predicted flatness data
2 are input 1nto a computer 3.

The computer 3 generates correction data (pattern position
correction data) 4 necessary for correcting a position of a
pattern (mask pattern) on a photo mask to be a desired posi-
tion 1n a sate that the mask blanks substrate 5 1s chucked 1n the
waler exposure apparatus 10 based on the native flatness data
1 and predicted flatness data 2.

For example, when the positional deviation of the pattern
betore and after chucking the photo mask 1n the water expo-
sure apparatus 10 1s 6 as shown 1n FIG. 18, 1t 1s intended to
generate data instructing the position of the mask blanks
substrate 5 to be deviated by 0 to the right side relatively with
respect to drawing beam when drawing the pattern.

In order that all patterns on the photo mask after chucking
come to desired positions, a process of generating the pattern
position correction data 4 1s, for example, as follows.

That 1s, the process of generating the pattern position cor-
rection data 4 includes; a process of calculating data (mask
flatness variation data) relating to change of flatness of the
mask blanks substrate 5 before and after chucking in the
waler exposure apparatus 10 based on the native flatness data
1 and predicted flatness data 2; a process of generating a
position distortion map (a mask pattern position distortion
map, 150 mm square) of the pattern on the mask blanks
substrate 5 caused by change of the flatness based on the mask
flatness variation data; and a process of calculating a variation
amount map (=pattern position correction data 4) of the posi-
tion (mask pattern position) of the mask blanks substrate 5
necessary for the mask pattern to coincide with a desired
position based on the mask pattern position distortion map.

The pattern position correction data 4 1s given, for
example, by X-Y stage position coordinates (X-Y coordi-
nates) for mounting the mask blanks substrate 5 and moving
the mask blanks substrate 5 1n the X-Y direction.

Next, the mask blanks substrate 5 1s set 1n the drawing
apparatus (for example, an electron beam drawing apparatus
EBM4000) 7. The pattern position correction data 4 and
drawing data 6 are input to the drawing apparatus 7.
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Next, a mask manufacturing process 8 including the draw-
ing process using the drawing apparatus 7 1s carried out. That
1s, the drawing apparatus 7 draws a pattern corresponding to
the drawing data 6 on the mask blanks substrate 5 with cor-
recting the relative positions of the mask blanks substrate 5
and electron beam, such that the mask pattern of the photo
mask 1n a state chucked in the exposure apparatus 10 coin-
cides with the desired position based on the pattern position
correction data 4. Therealter, a resist pattern 1s formed by

ordinary post exposure bake (PEB) and developing process.
And using this resist pattern as a mask, the Cr film and

halftone film are etched by an etching apparatus (for example,

UNAXIS-G4). In this manner, a mask substrate comprising a
quartz substrate, patterns of the Cr film and halitone film
formed on the quartz substrate 5 1s formed.

Next, the resist pattern 1s removed, defect mspection and
defect repair for the mask substrate are carried out, thereaftter,
a pellicle 1s attached to the mask substrate to obtain a photo
mask 9.

Next, the photo mask 9 1s set 1n the watfer exposure appa-
ratus (for example, a waler exposure apparatus S307 of
Nikon) 10, the resist applied on the water 1s exposed, there-
after, an ordinary resist process such as developing 1s carried
out to form a resist pattern 11.

In the water, a pattern of elements and wires (underlying
pattern) may be already formed, or a pattern may not be
formed. In the latter case, the resist pattern 11 1s used for
forming, for example, an 1solation trench.

Next, the water 1s etched by using the resist pattern 11 as a
mask, and a device pattern 12 1s formed on the water. The
device pattern 12 1s a pattern of, for example, an 1solation
trench, a transistor, a wiring, an electrode, a contact hole, eftc.

In the example, only one photo mask 9 1s explained, but
actually plural photo masks 9 are generated. Therefore, a
plurality of laminated device patterns 12 are formed.

The m-plane distribution (64 positions 1n chip) of align-
ment error of the device pattern of the uppermost layer and its
immediately lower device pattern (underlying pattern) is
measured by a measuring instrument of KLA. As a result, the
alignment error of 20 nm (30) existing in the case of using a
conventional photo mask has been outstandingly decreased to
12 nm (30) 1n the case of using the photo mask of the present
embodiment. Therefore, the device manufacturing vield 1s
improved, and the semiconductor device can be supplied at
lower price and shorter term than 1n the prior art.

(Second Embodiment)

FIG. 2 1s a flowchart from a photo mask manufacturing
process to a semiconductor device manufacturing process
according to the second embodiment of the invention. Same
parts as in F1G. 1 are identified with same reference numerals,
and detailed description of configuration and etlfects 1s omit-
ted.

In the first embodiment, explanation has been given for the
case where the mask blanks product comprising the mask
blanks substrate 5, native tlatness data 1, and predicted flat-
ness data 2 1s purchased from a mask blanks manufacturer.

The present embodiment explains that a mask blanks prod-
uct comprising the mask blanks substrate 5 and native tlatness
data 1 1s purchased from a mask blanks manufacturer. That is,
the predicted tlatness data 2 1s not supplied from the mask
blanks manufacturer.

In the present embodiment, therefore, the predicted flat-
ness data 2 1s generated by the mask manufacturer.

First, 1n the present embodiment, chuck structure data 2a of
the exposure apparatus 10 1s prepared at the mask manufac-
turer.
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The chuck structure data 2a 1s data relating to a chuck unit
(for example, a vacuum chuck mechanism) for chucking the
mask blanks substrate 5, and it 1s dimensional data relating to
the structure of a portion for chucking the mask blanks sub-
strate 5 (chuck unit). More specifically, 1t 1s dimensional data
ol a portion having effects on deformation (distortion) of the
mask blanks substrate 5, out of the chuck unait.

For example, 1n the case of the vacuum chuck mechanism,
as shown 1n FIGS. 19A to 19C, the data relates to a distance
L between two chuck units 31, a length of the chuck unit 31,
a width W of the chuck unit 31, a width W1 of an opening of
the chuck unit 31 (the portion not contacting with the mask
blanks substrate 5), and a width W2 of the portion of the
chuck unit 31 contacting with the mask blanks substrate 5.

Next, the native flatness data 1 and chuck structure data 2a
are mput mto the computer 3. The computer 3 generates
predicted flatness data 1n a state that the mask blanks substrate
5 1s chucked 1n the exposure apparatus 10 based on the native
flatness data 1 and chuck structure data 2a, and generates
pattern position correction data 4a based on the predicted
flatness data and native flatness data 1.

The subsequent process 1s same as 1n the first embodiment,
and same effects as 1n the first embodiment are obtained.
(Third Embodiment)

FIG. 3 1s a flowchart from a photo mask manufacturing
process to a semiconductor device manufacturing process
according to the third embodiment of the mvention. Same
parts as 1n FIG. 1 are identified with same reference numerals,
and detailed description of configuration and effects 1s omit-
ted.

The present embodiment 1s different from the first embodi-
ment 1 that a mask blanks product comprising the mask
blanks substrate 3 and mask flatness variation data 25 1s
purchased from a mask blanks manufacturer. A computer 3
generates pattern position correction data based on the mask
flatness variation data 2b.

In the first embodiment, the mask flatness variation data 1s
generated from the native flatness data 1 and predicted flat-
ness data 2, but 1n the present embodiment, the mask tlatness
variation data 25 1s preliminarily given from the mask blanks
manufacturer, and thus, the process of generating the pattern
position correction data 1s simplified. Besides, same effects as
in the first embodiment are obtained.

(Fourth Embodiment)

FIG. 4 1s a flowchart from a photo mask manufacturing
process to a semiconductor device manufacturing process
according to the fourth embodiment of the mnvention. FIG. 5
1s a diagram schematically showing a drawing apparatus 7a of
the present embodiment. Same parts as 1n FIG. 1 are identified
with same reference numerals, and detailed description of
configuration and effects 1s omitted.

The present embodiment 1s different from the first embodi-
ment (FIG. 1) in that a drawing apparatus 7a having a mecha-
nism for generating pattern position correction data 4 1s used.
That 1s, the drawing apparatus 7a comprises, as shown in FIG.
5, a pattern position correction data generating unit 13a for
generating the pattern position correction data 4 by using the
native flatness data 1 and predicted flatness data 2, and a
pattern drawing mechanism 14 for drawing a pattern on the
mask blanks substrate 5 with correcting the mask pattern
position based on the pattern position correction data 4 and
the drawing data 6.

The pattern position correction data generating unit 13a
comprises exclusive hardware for generating the pattern posi-
tion correction data 4, or a general-purpose computer (CPU),
and a program for causing the computer to execute the
instruction for generating pattern position correction data.
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The 1nstruction for generating the pattern position correc-
tion data includes a struction for generating flatness varia-
tion data based on the predicted flatness data 2, and a instruc-
tion for generating pattern position correction data based on
the flatness variation data and the native flatness data.

The drawing apparatus 7a 1s manufactured, for example,
by a drawing apparatus manufacturer.

Also in the present embodiment, same effects as in the first
embodiment are obtained.

(Fifth Embodiment)

FIG. 6 1s a flowchart from a photo mask manufacturing
process to a semiconductor device manufacturing process
according to the fifth embodiment of the invention. FIG. 7 1s
a diagram schematically showing a drawing apparatus 75 of
the present embodiment. Same parts as in FIG. 2 are identified
with same reference numerals, and detailed description of
configuration and effects 1s omitted.

The present embodiment 1s different from the second
embodiment (FIG. 2) in that the drawing apparatus 75 having
a mechanism for generating pattern position correction data 4
1s used. That 1s, the drawing apparatus 70 comprises, as
shown 1n FIG. 7, a pattern position correction data generating
unit 135 for generating the pattern position correction data 4
by using the native tlatness data 1 and the chuck structure data
2a, and a pattern drawing mechanism 14 for drawing a pattern
on the mask blanks substrate 5 with correcting the mask
pattern position based on the pattern position correction data
4 and the drawing data 6.

The pattern position correction data generating unit 135
comprises-exclusive hardware for generating the pattern
position correction data 4, or a general-purposed computer
(CPU), and a program for causing the computer to execute the
instruction for generating pattern position correction data.

The mstruction for generating the pattern position correc-
tion data includes a mstruction for generating predicted flat-
ness data 2 based on the chuck structure data, a instruction for
generating tlatness variation data based on the predicted tlat-
ness data 2, and a instruction for generating pattern position
correction data based on the flatness variation data and the
native tlatness data 1.

The drawing apparatus 75 1s manufactured, for example,
by a drawing apparatus manufacturer.

Also 1n the present embodiment, same effects as in the
second embodiment are obtained.

(Sixth Embodiment)

FIG. 8 1s a flowchart from a photo mask manufacturing
process to a semiconductor device manufacturing process
according to the sixth embodiment of the invention. FIG. 9 1s
a diagram schematically showing a drawing apparatus 7¢ of
the present embodiment. Same parts as 1n FIG. 3 are identified
with same reference numerals, and detailed description of
configuration and effects 1s omitted.

The present embodiment 1s different from the third
embodiment (FIG. 3) in that the drawing apparatus 7¢ having
a mechanism for generating pattern position correction data 4
1s used. That 1s, the drawing apparatus 7¢ comprises, as shown
in FIG. 9, a pattern position correction data generating unit
13c¢ for generating the pattern position correction data 4 based
on the flatness varniation data 2b, and a pattern drawing
mechanism 14 for drawing a pattern on the mask blanks
substrate 5 with correcting the mask pattern position based on
the pattern position correction data 4 and the drawing data 6.

The pattern position correction data generating unit 13c¢
comprises exclusive hardware for generating pattern position
correction data, or a general-purpose computer (CPU), and a
program for causing the computer to execute the instruction
ol generating pattern position correction data.
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The drawing apparatus 7¢ 1s manufactured, for example, by
a drawing apparatus manufacturer.

Also 1 the present embodiment, same effects as in the third
embodiment are obtained.

(Seventh Embodiment)

FIG. 10 1s a diagram schematic showing a mask blanks
product according to the seventh embodiment of the mnven-
tion.

The mask blanks product 20 of the present embodiment
comprises a mask blanks substrate 5, and a recording medium
4M having pattern position correction data recorded therein.
The recording medium 4M 1s, for example, a wireless IC tag
seal attached to a container accommodating the mask blanks
substrate 5.

The mask blanks product 20 1s manufactured and distrib-
uted by, for example, a mask blanks manufacturer. Native
flatness data 1s prepared, for example, by a mask manufac-
turer having purchased the mask blanks product 20, or amask
blanks manufacturer.

The mask blanks product 20 of the present embodiment
includes the recording medium 4M, and therefore, the mask
manufacturer having purchased the mask blanks product 20
does not have to generate pattern position correction data.
(Eighth Embodiment)

FIG. 11 1s a diagram schematically showing a mask blanks
product according to the eighth embodiment of the invention.
Same parts as in FIG. 10 are identified with same reference
numerals, and detailed description 1s omitted.

A mask blanks product 20a of the present embodiment
comprises a mask blanks substrate 5, a recording medium 1M
having native flatness data recorded therein, and a recording
medium 4M having pattern position correction data recorded
therein. The recording medium 1M and recording medium
4M may be either separate physically, or identical physically.
In the latter case, the recording medium 1M, 4M 1s, for
example, one wireless IC tag seal attached to a container
accommodating the mask blanks substrate 5.

Since the mask blanks product 20q of the present embodi-
ment icludes the recording medium 4N, the mask manufac-
turer having purchased the mask blanks product 20a does not
have to generate pattern position correction data.

(Ninth Embodiment)

FIG. 12 1s a diagram schematically showing a mask blanks
product according to the ninth embodiment of the invention.
Same parts as 1n FIG. 10 are identified with same reference
numerals, and detailed description 1s omitted.

A mask blanks product 205 of the present embodiment
comprises a mask blanks substrate 5, a recording medium 2M
having predicted tlatness data recorded therein, and a record-
ing medium 4M having pattern position correction data
recorded therein. The recording medium 2M and recording
medium 4M may be eirther separate physically, or 1dentical
physically. In the latter case, the recording medium 2M, 4M
1s, for example, one wireless IC tag seal attached to a con-
tainer accommodating the mask blanks substrate 3.

Since the mask blanks product 205 of the present embodi-
ment includes the recording medium 4M, the mask manufac-
turer having purchased the mask blanks product 205 does not
have to generate pattern position correction data.

(Tenth Embodiment)

FIG. 13 1s a diagram schematically showing a mask blanks
product according to the tenth embodiment of the invention.
Same parts as 1n FIG. 10 are identified with same reference
numerals, and detailed description 1s omitted.

A mask blanks product 20c¢ of the present embodiment
comprises a mask blanks substrate 5, a recording medium 1M
having native flatness data recorded therein, a recording
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medium 2M having predicted flatness data recorded therein,
and a recording medium 4M having pattern position correc-
tion data recorded therein. The recording medium 1M,
recording medium 2M and recording medium 4M may be
either separate physically, or identical at least 1n two of them
physically. When all of them are identical physically, the
recording medium 1M, 2M, 4M 1s, for example, one wireless
IC tag seal attached to a container accommodating the mask
blanks substrate 5.

The mask blanks product 20¢ of the present embodiment
includes the recording medium 1M, 2M, 4M which may be
required at the mask manufacturer, and the load of the mask
manufacturer may be substantially lessened.

(Eleventh Embodiment)

FI1G. 14 1s a diagram schematically showing a mask blanks
product according to the eleventh embodiment of the inven-
tion. Same parts as 1 FIG. 10 are 1dentified with same refer-
ence numerals, and detailed description 1s omitted.

A mask blanks product 204 of the present embodiment
comprises a mask blanks substrate 5, and a recording medium
6M having recorded therein predicted flatness variation data
tor predicting a tlatness variation of an exposure mask cased
when the exposure mask 1s chucked by a chuck unit of an
exposure apparatus. The recording medium 6M 1s, for
example, a wireless IC tag seal attached to a container accom-
modating the mask blanks substrate 5.

The mask blanks product 204 1s manufactured and distrib-
uted, for example, by a mask blanks manufacturer. Native
flatness data 1s prepared by a mask manufacturer having
purchased the mask blanks product 20d, or purchased from a
mask blanks manufacturer.

Since the mask blanks product 204 of the present embodi-
ment includes the recording medium 6 M, the mask manufac-
turer having purchased the mask blanks product 204 does not
have to generate predicted tlatness variation data.

(Twelfth Embodiment)

FI1G. 15 15 a diagram schematically showing a mask blanks
product according to the twelfth embodiment of the mmven-
tion. Same parts as 1 FIG. 14 are 1dentified with same refer-
ence numerals, and detailed description 1s omitted.

A mask blanks product 20e of the present embodiment
comprises a mask blanks substrate 5, a recording medium 1M
having native flatness data recorded therein, and a recording
medium 6M having predicted tlatness variation data recorded
therein. The recording medium 1M and recording medium
6M may be either separate physically, or identical physically.
In the latter case, the recording medium 1M, 6M 1s, for
example, one wireless IC tag seal attached to a container
accommodating the mask blanks substrate 5.

Since the mask blanks product 20e of the present embodi-
ment includes the recording medium 6M, the manufacturer
having purchased the mask blanks product 20e does not have
to prepare predicted tlatness variation data.

(Thirteenth Embodiment)

FIG. 16 1s a diagram schematically showing a mask blanks
product according to the thirteenth embodiment of the inven-
tion. Same parts as 1n FIG. 14 are 1dentified with same refer-
ence numerals, and detailed description 1s omitted.

A mask blanks product 20f of the present embodiment
comprises a mask blanks substrate 5, a recording medium 2M
having predicted flatness data recorded therein, and a record-
ing medium 6M having predicted flatness variation data
recorded therein. The recording medium 2M and recording,
medium 6M may be either separate physically, or 1dentical
physically. In the latter case, the recording medium 2M, 6 M
1s, Tor example, one wireless IC tag seal attached to a con-
tainer accommodating the mask blanks substrate 5.
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Since the mask blanks product 201 of the present embodi-
ment includes the recording medium 6M, the mask manufac-
turer having purchased the mask blanks product 20/ does not
have to prepare predicted tlatness variation data.
(Fourteenth Embodiment)

FIG. 17 1s a diagram schematically showing a mask blanks
product according to the fourteenth embodiment of the inven-
tion. Same parts as 1 FIGS. 15 and 16 are identified with
same reference numerals, and detailed description 1s omitted.

A mask blanks product 20g of the present embodiment
comprises a mask blanks substrate 5, a recording medium 1M
having native flatness data recorded therein, a recording
medium 2M having predicted flatness data recorded therein,
and a recording medium 6M having predicted flatness varia-
tion data recorded therein. The recording medium 1M,
recording medium 2M and recording medium GM may be
cither separate physically, or identical at least 1n two of them
physically. When all of them are identical physically, the
recording medium 1M, 2M, 6M 1s, for example, one wireless
IC tag seal attached to a container accommodating the mask
blanks substrate 3.

The mask blanks product 20g of the present embodiment
includes the recording medium 1M, 2M, 6M which may be
required at the mask manufacturer, and therefore, the load of
the mask manufacturer may be substantially lessened.

The present invention 1s not limited to these embodiments
alone. For example, 1n the foregoing embodiments, the resist
on the water 1s exposed with light by way of the photo mask,
but the present invention may be also applied 1n the case 1n
which a resist on a water 1s exposure with charged beam (for
example, electron beam) by way of a charged beam mask (for
example, an electron beam exposure mask).

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention 1n 1ts
broader aspects 1s not limited to the specific details and rep-
resentative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A method of manufacturing a semiconductor device
comprising:

applying a first resist layer on a substrate including a semi-

conductor substrate;

manufacturing a {irst exposure mask;

disposing the first exposure mask above the substrate in an

exposure apparatus;

irradiating a charged beam or light onto the first resist layer

by way of the first exposure mask 1n a state that the first
exposure mask 1s chucked by the chuck unit of the expo-
sure apparatus;

forming a first resist pattern by developing the first resist

layer atter the irradiating the charged beam or the light
onto the first resist layer; and

forming a first pattern by etching the substrate using the

first resist pattern as a mask,

wherein manufacturing the first exposure mask comprises

generating or preparing flatness variation data relating to
a mask blanks substrate to be processed 1nto an expo-
sure mask, the flatness variation data being data relat-
ing to a change of flatness of the mask blanks substrate
caused when the mask blanks substrate 1s chucked by
a chuck unit of the exposure apparatus;

generating position correction data of a pattern to be
drawn on the mask blanks substrate based on the
flatness variation data such that a mask pattern of the
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first exposure mask comes to a predetermined posi-
tion 1n a state that the first exposure mask 1s chucked
by the chuck umt; and
drawing a pattern on the mask blanks substrate, wherein
drawing the pattern includes drawing the pattern with
correcting a drawing position of the pattern and input-
ting drawing data corresponding to the pattern and the
position correction data into a drawing apparatus.
2. The method of manufacturing a semiconductor device,
according to claim 1, further comprising:
applying a second resist layer on the substrate including the
first pattern;
manufacturing a second exposure mask;
disposing the second exposure mask above the substrate in
the exposure apparatus;
irradiating the charged beam or light onto the second resist
layer by way of the second exposure mask 1n a state that
the second exposure mask 1s chucked by the chuck umit
of the exposure apparatus;
forming a second resist pattern by developing the second
resist layer after the wrradiating the charged beam or the
light onto the second resist layer; and
forming a second pattern by etching the substrate using the
second resist pattern as a mask,
wherein manufacturing the second exposure mask com-
prises
generating or preparing tlatness variation data relating to
a mask blanks substrate to be processed 1nto the sec-
ond exposure mask, the flatness variation data being
data relating to a change of flatness of the mask blanks
substrate caused when the mask blank substrate 1s
chucked by a chuck unit of the exposure apparatus;
generating position correction data of a pattern to be
drawn on the mask blanks substrate based on the
tflatness variation data such that a mask pattern of the
second exposure mask comes to a predetermined
position 1n a state that the second exposure mask 1s
chucked by the chuck unit; and
drawing a pattern on the mask blanks substrate, the
drawing the pattern including drawing the pattern
with correcting a drawing position of the pattern and
inputting drawing data corresponding to the pattern

and the position correction data into a drawing appa-
ratus.

3. The method of manufacturing a semiconductor device,
according to claim 2,

wherein the first and second patterns are device patterns.

4. The method of manufacturing a semiconductor device
according to claim 1, wherein generating flatness variation
data 1n the manufacturing the second exposure mask includes:

preparing flatness of the mask blanks substrate 1n a state not

chucked by the chuck unit and predicted flatness of the
mask blanks substrate 1n a state chucked by the chuck
unit; and

generating the tlatness variation data based on the flatness

of the mask blanks substrate and the predicted tlatness of
the mask blanks substrate.

5. The method of manufacturing a semiconductor device
according to claim 1, wherein generating flatness variation
data 1n the manufacturing the second exposure mask includes:

preparing flatness of the mask blanks substrate 1n a state not

chucked by the chuck unit and data relating to the chuck
unit; and

generating the flatness variation data based on the flatness

of the mask blanks substrate and the data relating to the
chuck unait.
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6. The method of manufacturing a semiconductor device
according to claim 1, wherein generating flatness variation
data includes:

preparing tlatness of the mask blanks substrate 1n a state not

chucked by the chuck unit and predicted tlatness of the
mask blanks substrate in a state chucked by the chuck
unit; and

generating the tlatness variation data based on the flatness

of the mask blanks substrate and the predicted flatness of
the mask blanks substrate.

7. The method of manufacturing a semiconductor device,
according to claim 6, further comprising:

applying a second resist layer on the substrate including the

first pattern;

manufacturing a second exposure mask;

disposing the second exposure mask above the substrate 1n

the exposure apparatus;

irradiating the charged beam or light onto the second resist

layer by way of the second exposure mask 1n a state that
the second exposure mask 1s chucked by the chuck unit
of the exposure apparatus;

forming a second resist pattern by developing the second

resist layer after the irradiating the charged beam or the
light onto the second resist layer; and

forming a second pattern by etching the substrate using the

second resist pattern as a mask,

wherein manufacturing the second exposure mask com-

prises

generating or preparing flatness variation datarelating to
a mask blanks substrate to be processed 1nto the sec-
ond exposure mask, the flatness variation data being
data relating to a change of flatness of the mask blanks
substrate caused when the mask blanks substrate 1s
chucked by a chuck unit of the exposure apparatus;

generating position correction data of a pattern to be
drawn on the mask blanks substrate based on the
flatness variation data such that a mask pattern of the
second exposure mask comes to a predetermined
position 1n a state that the second exposure mask 1s
chucked by the chuck unit; and

drawing a pattern on the mask blanks substrate, the
drawing the pattern including drawing the pattern
with correcting a drawing position of the pattern and
inputting drawing data corresponding to the pattern
and the position correction data into a drawing appa-
ratus.

8. The method of manufacturing a semiconductor device,
according to claim 6, wherein generating flatness variation
data 1n the manufacturing the second exposure mask includes:

preparing flatness ol the mask blanks substrate 1n a state not

chucked by the chuck unit and predicted flatness of the
mask blanks substrate 1n a state chucked by the chuck
unit; and

generating the tlatness variation data based on the flatness

of the mask blanks substrate and the predicted tlatness of
the mask blanks substrate.

9. The method of manufacturing a semiconductor device,
according to claim 6, wherein generating flatness variation
data 1n the manufacturing the second exposure mask includes:

preparing flatness ol the mask blanks substrate 1n a state not
chucked by the chuck unit and data relating to the chuck
unit; and

generating the flatness variation data based on the flatness
of the mask blanks substrate and the data relating to the
chuck unit.
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10. The method of manufacturing a semiconductor device,
according to claim 1, wherein the generating flatness varia-

tion data includes:

preparing tlatness of the mask blanks substrate 1n a state not
chucked by the chuck unit and data relating to the chuck
unit; and
generating the flatness variation data based on the flatness
of the mask blanks substrate and the data relating to the
chuck unait.
11. The method of manufacturing a semiconductor device,
according to claim 10, further comprising:
applying a second resist layer on the substrate including the
first pattern;
manufacturing a second exposure mask;
disposing the second exposure mask above the substrate in
the exposure apparatus;
irradiating the charged beam or light onto the second resist
layer by way of the second exposure mask 1n a state that
the second exposure mask 1s chucked by the chuck unit
of the exposure apparatus;
forming a second resist pattern by developing the second
resist layer after the irradiating the charged beam or the
light onto the second resist layer; and
forming a second pattern by etching the substrate using the
second resist pattern as a mask,
wherein manufacturing the second exposure mask com-
prises
generating or preparing flatness variation datarelating to
a mask blanks substrate to be processed into the sec-
ond exposure mask, the flatness variation data being
data relating to a change of flatness of the mask blanks
substrate caused when the mask blanks substrate 1s
chucked by a chuck unit of the exposure apparatus;

14

generating position correction data of a pattern to be
drawn on the mask blanks substrate based on the
flatness variation data such that a mask pattern of the
second exposure mask comes to a predetermined
5 position 1n a state that the second exposure mask 1s
chucked by the chuck unit; and
drawing a pattern on the mask blanks substrate, the
drawing the pattern including drawing the pattern
with correcting a drawing position of the pattern and
inputting drawing data corresponding to the pattern
and the position correction data into a drawing appa-
ratus.

12. The method of manufacturing a semiconductor device,
according to claim 10, wherein the generating tlatness varia-
tion data in the manufacturing the second exposure mask
15> includes:

preparing flatness ol the mask blanks substrate 1n a state not

chucked by the chuck unit and predicted flatness of the
mask blanks substrate in a state chucked by the chuck
unit; and

generating the flatness variation data based on the flatness

of the mask blanks substrate and the predicted flatness of
the mask blanks substrate.

13. The method of manufacturing a semiconductor device,
according to claim 10, wherein the generating tlatness varia-
25 tion data 1in the manufacturing the second exposure mask
includes:

preparing tlatness of the mask blanks substrate 1n a state not

chucked by the chuck unit and data relating to the chuck
unit; and

generating the flatness variation data based on the flatness

of the mask blanks substrate and the data relating to the

chuck unait.
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